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Introduction: Acute kidney injury (AKI) remains a great problem in clinical practice. Renal is-
chemia/reperfusion (I/R) injury is a complex pathophysiological process. Propolis is a natural polyphenol-rich
resinous substance collected by honeybees from a variety of plant sources that has anti-inﬂammatory and
anti-oxidative properties. Red propolis (RP) protection in renal I/R injury was investigated.
Methods: MaleWistar rats underwent unilateral nephrectomy and contralateral renal I/R (60min). Rats were
divided into four groups: (1) sham group, (2) RP group (sham-operated rats treated with RP), 3) IR group
(rats submitted to ischemia) and (4) IR-RP (rats treated with RP before ischemia). At 48 h after reperfusion,
renal function was assessed and kidneys were removed for analysis.
Results: I/R increasedplasma levels of creatinine and reduced creatinine clearance (CrCl), andRPprovidedpro-
tection against this renal injury. Red propolis signiﬁcantly improves oxidative stress parameters when com-
pared with the IR group. Semiquantitative assessment of the histological lesions showed marked structural
damage in I/R rats compared with the IR-RP rats. RP attenuates I/R-induced endothelial nitric oxide-synthase
down regulation and increased heme-oxygenase expression in renal tissue.
Conclusion: Red propolis protects kidney against acute ischemic renal failure and this protection is associated
with reduced oxidative stress and eNOS and heme-oxygenase up regulation.
© 2015 Elsevier GmbH. All rights reserved.
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Acute kidney injury (AKI) remains a great problem in clinical
ractice. It affects approximately 20% of hospitalized patients and half
f critically-ill patients admitted to intensive care unit (Poukkanen
t al. 2013; Zeng et al. 2013; Uchino et al. 2005). Despite improved
trategies for supporting vital organs during AKI recovery and in renal
eplacement therapy (dialysis), AKI mortality rates remain quite high
Leite et al. 2013). Also, renal I/R injury is a common cause of early
llograft dysfunction in renal transplanted patients and represents
n additional risk factor for late renal allograft failure (Ditonno
t al. 2013). The prevention of kidney lesions and their progression
ontinue to represent a great challenge. Although renal injuries are∗ Corresponding author at: Av. Abolição, 4043 Ap. 1203 Jangada Bairro: Mucuripe,
ortaleza, Ceará, CEP 60165-082, Brazil. Tel.: +55 85 99987995. Fax: 99987995.
E-mail address: alexandreliborio@yahoo.com.br (A.B. Libório).
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944-7113/© 2015 Elsevier GmbH. All rights reserved.ultifactorial inmanypatients, in the clinical scenario, animalmodels
f renal ischemia/reperfusion (I/R) remain important to understand
he pathophysiology and potential treatment options for AKI.
Renal I/R injury is a complex pathophysiological process involving
xidative and inﬂammatory damage, endothelium-mediated injury
nd apoptosis. Nitric oxide (NO) is involved in the pathophysiology
f ischemic AKI. Increased expression of proinﬂammatory inducible
itric oxide synthase (iNOS) is considered a pivotal step in renal dam-
ge, whereas the reduced activity of endothelial nitric oxide synthase
eNOS) contributes to renal impairment resulting from endothelial
ysfunction (Heemskerk et al. 2009).
Many molecules have intrinsic cytoprotective properties that
nclude anti-apoptotic, anti-inﬂammatory and antioxidant actions.
eme-oxygenase (HO) 1 and 2 are the rate-limiting enzymes in the
atabolism of heme, a reaction that yields equimolar amounts of
iliverdin, Fe++ and carbon monoxide. Expression of HO-1 is read-
ly increased upon organ I/R injury, becoming the rate-limiting fac-
or in the generation of biliverdin, Fe+ and CO. Heme-oxygenase-1
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wprovides protection against renal I/R injury through its antioxidant,
anti-inﬂammatory and cytoprotective activities (Nath et al. 1992;
Agarwal Nick 2000).
Propolis is a natural polyphenol-rich resinous substance collected
by honeybees from a variety of plant sources. In recent years, propolis
has gained popularity as a health drink, has been extensively used in
food and beverages, and is thought to improve human health and pre-
vent disease (Daleprane and Abdalla 2013). Beneﬁcial health effects
are largely attributed to its polyphenolic composition. Red propolis
has been classiﬁed as a separate type based on its unique chemi-
cal composition, particularly rich in isoﬂavonoids (Righi et al. 2013).
Anti-inﬂammatory and antioxidant properties have been attributed
to red propolis (Bueno-Silva et al. 2013; Enis Yonar et al. 2012). In the
present study, we aimed to evaluate the effects of red propolis extract
on renal I/R injury.
Methods
Animals and red propolis
The experimental protocol was approved by the Ethical Commit-
tee on Animal Research of Federal University of Ceará (no. 39/13).
Wistar rats, weighing 250–300 g, were obtained from the Pharmacol-
ogy Department of Federal University of Ceara andmaintained under
controlled temperature (21± 2 °C) and humidity conditions (60± 5%)
with a 12:12-h light:dark cycle. A standard commercial pellet diet and
water were offered ad libitum.
Chemical characterization of red propolis
Red propolis was collected in the mangrove region in Marechal
Deodoro (a city in the vicinity of Maceio, capital of Alagoas State,
in the northeastern Brazil (SL 09.40 and WL 35.41). Forty grams of
propolis was macerated in 100 ml of 40% ethanol, for 30 days, the
solution was ﬁltered, the ﬁltrate evaporated to dryness. The residue,
12.5 g of dry extract (drug extract ratio of 3.2:1), was dissolved in 50
ml of ethanol to stock and transportationwith a concentration of 0.25
g/ml. The botanic origin was Dalbergia ecasttophyllum. The chromato-
graphic analysis by high-performance liquid chromatography (HPLC)
was performed. The assay was performed on Alliance – Waters 2695
(Milford, MA) chromatographwith a binary pump, auto-sampler, and
photodiode-array detector (Waters-2996 PDA) at 268 nm. The sepa-
rationswere performedwith an analytical reverse-phase column C18
(Waters, 250 mm × 4.6 mm, 5 μm) at 40 °C in a thermostatic oven.
The mobile phase was made from water/acetic acid 0.1% (solvent A)
and methanol (solvent B) in a gradient elution for 65 min (total run
time), starting with 30% B (0–15 min), increasing to 90% B (15–60
min), held at 90% B and decreasing to 30% B (60–65 min) with a sol-
vent ﬂow rate of 1 ml/min. The solvents were previously degassed
under vacuum by sonication during 5 min and ﬁltered through Phe-
nomenex nylon membrane (0.45 μm). The samples were dissolved
in the initial mobile phase and ﬁltered through a 0.45 μm ﬁlter unit
(Millipore, USA) before injection (20 ml). The data was processed by
Empower software (Waters, USA).
The identiﬁcation of formononetin and biochanin A in RP by HPLC
experiments were based on the retention time (rt) of external stan-
dards. The contents of the three ﬂavonoids were calculated using
calibration curves. The ranges of calibration curves were 0.04–0.12
mg/ml for formononetin and 0.005–0.013 mg/ml for biochanin A.
The linear relationship was obtained correlating the concentration of
ﬂavonoids to the correspondent peak area.
For peak purity analysis, spectra in the range of 210–400 nmwere
recorded at a frequency of 1 Hz. Threshold was calculated employ-
ing noise and solvent angles. Reference spectra of formononetin and
biochanin A standards were recorded in the Empower 2 software
library for identiﬁcation purposes.The spectra search improves the identiﬁcation of compounds in
omplex matrices since different substance can have identical reten-
ion times. Formononetin and Biochanin Awere identiﬁed in propolis
xtract chromatogram through the comparison of peak apex spec-
rum against the results of reference standards solutions recorded
reviously in the software library. The peak height of biochanin A in
ropolis extract chromatogram is lower than formononetin (Fig. 1).
The peak purity analysis provided by diode array detectors is es-
ential to ensure reliability and accuracy of the chromatographicmea-
urements of analytes in complex matrices. In the present work, the
ormononetin and biochanin A peaks were found pure since the pu-
ity angles were lower than the threshold angles and the threshold
urves do not intersect the purity curves.
The chromatographicmethod shows linearity over the range eval-
ated and the correlation coeﬃcients for and formononetin and
iochanin A were 0.9915 and 0.9996, respectively. The concentra-
ions (mean ± standard deviation for n = 12) of formononetin and
iochanin A in the propolis extracted were 10.25 ± 0.21 and 0.50 ±
.02μg/mg, respectively. The amount of formononetin in the propolis
xtract is greater than 1% and was approximately ﬁfteen times larger
han biochanin A.
urgical procedure
Animals were anesthetized with sodium pentobarbital (50 mg/kg
.p.). A midline laparotomy incision was performed, the right kidney
as removed and left ischemic renal failurewas induced by clamping
he renal artery (with a nontraumatic clamp) for 60 min, followed
y reperfusion. After 48h, animals were sacriﬁced to obtain blood
amples for biochemical tests. Additionally, the left kidneys were col-
ected for histological and immunohistochemistry evaluation.
xperimental groups
To administration, the ethanol extract was ﬁltered and then evap-
rated by using a vacuum evaporator. The gravimetric analysis was
arried out in quintuplicate and disclosed a ratio of dry extract of 24.1
0.09 (% m/m). Each 150 mg of dry extract contained approximately
.38 mg of formononetin and 0.31 mg of biochanin A. The propo-
is samples were maintained in a dark environment, inside a deep
reezer (kept at −20 °C). The dried extract was administrated accord-
ng animal weight (150 mg/kg of body weight). The quantity of dried
xtract for each animal was suspended in tap water (5 ml) just before
ral administration and the total volume (5 ml) was administered by
avage.
Rats were divided into the following groups (n = 8 in each group):
- Sham + tap water group (SHAM): Rats were submitted to identi-
cal surgical procedures, except for the nephrectomy and unilateral
renal occlusion shock and were kept under anesthesia for the du-
ration of the experiment.
- Sham + red propolis (RP): Identical to SHAM group, receiving red
propolis (150 mg/kg/day) was administered by gastric gavage 3
days before the procedure and 1 h prior to surgical procedure.
- I/R + tap water group (IR): Rats were submitted to nephrectomy
and unilateral renal occlusion (60 min) followed by reperfusion.
- I/R+ red propolis group (IR-RP): Ratswere submitted to the above
mentioned surgical procedures and red propolis (150 mg/kg/day)
was administered by gastric gavage 3 days before the procedure
and 1 h prior to ischemia.
easurement of biochemical parameters
Forty-eight hours after ischemia, rats were reanesthetized, and
lood samples (1 ml) were collected via venipuncture. The samples
ere centrifuged (6.000 rpm for 3 min) to separate plasma. Plasma
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Fig. 1. Chromatogram of propolis extract and spectra and purity analysis of formononetin and biochanin A.
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1nd urine concentrations of urea (BUN) and creatinine (Cr) were
easured as indicators of impaired glomerular function. Plasma and
rine concentrations of sodium (Na+) and potassium (K+) were used
s indicators of renal tubular injury. BUN and Cr levels were mea-
ured by means of colorimetric methods in a semi-automatic ana-
yzer (LABQUEST
R©
) using diagnostic kits (Labtest
R©
, Brazil). The de-
ermination of sodium and potassium levels was made by means of
on-selective electrodes (Rapid Chem 744, Bayer Diagnostics).
etermination of MDA levels
Malondialdehyde (MDA) concentration inkidney tissuewasdeter-
ined as an indicator of lipid peroxidation, following a protocol pre-
iously described by Mihara et al. (1980). Brieﬂy, the left kidney was
emoved and homogenized with KCl (1.15%) to make a homogenate.
hen 3 ml of a solution containing phosphoric acid (1%) and 1 ml of
hiobarbituric acid (0.6%) were added to 0.5 ml of the homogenate in
tube. Themixturewas heated in boilingwater for 45min. Then, 4ml
f a solutionofn-butanolwas added to themixture,whichwas shaken
igorously. The absorbance was measured by spectrophotometry at
32 nm. The results were expressed in nmol/g tissue.
To determine the levels of MDA in urine samples, 0.4 ml of the
rine sample was mixed with 0.6 ml of distilled water, 1 ml of TCA
trichloroacetic 10%) and 1 ml of thiobarbituric acid (0.6% pH 2). All
hese solutions were kept on ice during this stage of the process. The
olutions were homogenized and then placed in a water bath at 100
C for 20min. After cooling and addition of 1ml of TCA (70%), the ﬁnalixture was centrifuged for 15 min at 3000 rpm and the absorbance
as measured by spectrophotometry at 534 nm.
etermination of GSH levels
Homogenatewaspreparedwith EDTA (0.02M). Then, 400μl of the
omogenate was removed and added to 320μl of distilled water and
0 μl of trichloroacetic acid (50%). The material was centrifuged at
000 rpm for 15 min. Then, 400 μl of the supernatant was collected
nd 800 μl of Tris–HCl buffer (0.4 M pH 8.9) and 20 μl of DTNB
0.01 M) were added. After 1 min of reaction, the absorbance was
easured by spectrophotometry at 412 nm. The concentration of
educed glutathionewas expressed inmicrograms per gram of tissue.
istological analyses
Renal tissue was removed and placed in a 10% solution of buffered
ormaldehyde. After 24h, the tissuewas transferred to analcoholic so-
ution (70%) and used for histological analysis. Kidney tissuewas ﬁxed
sing a10% formalin solution and thenparaﬃn-embedded. Slices of 5-
m thickness were obtained and then stained with hematoxylin and
osin (HE). Light microscopy sections were assessed for the presence
f tubular cell necrosis, tubular dilation, inﬂammatory cell inﬁltra-
ion and cellular edema in the tubular interstitium. They were ex-
ressed according to the percentage of affected kidney samples using
semiquantitative scale: 1 –no abnormality, 2 –mild lesions affecting
0% of kidney samples, 3 – lesions affecting 25% of kidney samples,
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Table 1
Effect of red propolis on renal function. Cr: creatinine; ClCr: creatinine clearance; FENa+: absolute
excretion of sodium; FEK+: absolute excretion of potassium.
Groups Cr Urea ClCr FENa+ FEK+
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
SHAM 0.64 ± 0.05 36.36 ± 6.2 1.29 ± 0.46 0.23 ± 0.11 7.5 ± 2.9
RP 0.66 ± 0.13 40.17 ± 0.11 0.93 ± 0.24 0.19 ± 0.05 10.58 ± 6.4
IR 2.7 ± 0.99∗ 274.3 ± 91.81∗ 0.07 ± 0.04∗ 1.03 ± 0.39∗ 134.4 ± 54.9∗
IRRP 1.82 ± 0.5# 181.1 ± 65.6# 0.41 ± 0.14# 0.58 ± 0.3# 64.7 ± 52.4#
∗ P < 0.05 vs. SHAM.
# P < 0.05 vs. IRG.
Fig. 2. The effect of red propolis on tubular necrosis score after renal I/R. Values shown are mean ± SE. Mean of 8 rats for each group. ∗P < 0.05 vs. Sham, #P < 0.05 vs. IRG.
Fig. 3. Red propolis reduces malondialdehyde (MDA) levels induced by I/R injury. Values shown are mean ± SE of the MDA levels. (A) MDA levels of urine samples, ∗P < 0.05 vs.
Sham, #P < 0.05 vs. IRG. (B) Kidney tissue MDA levels, ∗P < 0.05 vs. Sham, #P < 0.05 vs. IRG.
M.F.B. da Costa et al. / Phytomedicine 22 (2015) 787–795 791
Fig. 4. Red propolis improves glutathione (GSH) levels in animals with I/R injury.
Values shown are mean ± SE of the GSH levels. ∗P < 0.05 vs. IRG.
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a– lesions affecting 50% of kidney samples, and 5 – lesions affecting
ore than 75% of samples.
mmunohistochemical localization of heme-oxygenase and eNos
Immunohistochemistry for eNOS and heme-oxygenase was per-
ormed using the streptavidin-biotin-peroxidase method (Hsu and
aine 1981). After 48 h of reperfusion, the animalswere sacriﬁced and
he left kidneywas removed and ﬁxed in formaldehyde (10%) for 24 h,
nd subsequently submitted to treatment with EDTA (10%) for dem-
neralization. Subsequently, the samples were suspended in sodium
ulfate (5%), and then paraﬃn-embedded. After this procedure, serialFig. 5. Red propolis restores the I/R-induced downregulation of eNOS. Values shown a-mm sections were obtained with an appropriate microtome and
laced on l -polylysine slides, suitable for immunohistochemistry
nalysis. The sections were deparaﬃnized, hydrated in xylene and
lcohol, and immersed in a citrate buffer (0.1 M; pH 6.0), by heating
n a microwave oven for 15 min for antigen retrieval. After cooling
o ambient temperature at 20 °C, washes were performed with phos-
hate buffered solution (PBS) and with an endogenous peroxidase
locking solution of H2O2 (3%) for 15 min. The sections were incu-
ated “overnight” (at 4 °C) with primary rabbit anti-ENOS antibody
iluted in PBS (1:200) and with primary goat polyclonal antibody
gainst heme-oxygenase diluted in PBS (1:200). Then, samples were
ncubatedwith the secondary antibody for 30min. After washing, the
ections are incubated with the conjugated streptavidin peroxidase
omplex (ABC complex Vectastain
R©
) for 30 min. After further wash-
ng with PBS, followed by staining with (DAB), samples were coun-
erstainedwithMayer’s hematoxylin. Finally, dehydration of samples
as performed and they were mounted on slides. Negative controls
ere processed simultaneously as described above and the primary
ntibody was replaced by PBS–5% BSA.
When assessing immunohistochemical staining for eNOS and
eme-oxygenase, each tubule interstitial grid ﬁeld was graded semi-
uantitatively and the mean score per kidney was calculated. Each
core reﬂected mainly changes in the extent, rather than the inten-
ity, of staining, based on the proportion of the grid ﬁeld showing
ositive staining: 0, absent or <5%; I, 5–25%; II, 25–50%; III, 50–75%,
nd IV greater than 75%.
estern blot analysis
The protein expression of endothelial nitric oxide synthase (eNOS)
nd heme-oxygenase were assessed in the kidney samples that werere mean ± SE. Eight rats for each group. ∗P < 0.05 vs. SHAM, #P < 0.001 vs. IRG.
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tindividually homogenized with a Polytron in K-HEPES buffer con-
taining a mixture of protease inhibitors. After incubation at 4 °C for
15 min, the samples were centrifuged at 2000 g. The protein con-
centrations were quantiﬁed using the Bradford assay method and
the 80 μg of protein from each sample was separated on an 8%
polyacrylamide gel and transferred to a nitrocellulose membrane.
Subsequently, the membranes were probed with a primary rabbit
monoclonal eNOS (1:200) or a primary goat polyclonal against heme-
oxygenase (1:200) primary antibody, followedbyanti-rabbit (1:1000)
or anti-goat (1:5000) secondary antibody, respectively. The bands
were visualized using a chemiluminescence substrate and analyzed
by gel documentation Alience 4.7 Uvitec (Cambridge, Cambs, UK).
The relative expression of NOS and heme-oxygenase proteins in each
kidney were normalized using actin antibody and the values are ex-
pressed as a percentage of normal protein expression.
Statistical analyses
All continuous variables are shownasmean± standard error. One-
way analyses of variance with Newman–Keuls post hoc test was used
for intergroup comparisons. All statistical analyses were performed
using the GraphPad Prism 5.0
R©
software. A P value less than 0.05 was
considered signiﬁcant.Fig. 6. eNOS expression represented graphically after actin housekeeping normalization; n
tissue according each group. ∗P < 0.001 vs. other groups; #P < 0.01 vs. SHAM and RPG groupesults
ed propolis attenuates I/R-induced functional impairment
Animals submitted to I/R injury had an increment in serum Cr
2.7± 0.9 vs. 0.6± 0.5mg/dl, P< 0.05) and urea (274.3± 91.8 vs. 39.3
6.2 mg/dl, P < 0.05), reﬂecting a marked reduction in CrCl (creati-
ine clearance) when compared to control animals (0.07 ± 0.04 vs.
.29± 0.46ml/min/100 g). This reduction in CrCl was associatedwith
higher absolute excretion of Na+ (1.03 ± 0.39 vs. 0.23 ± 0.01%, P
0.05). While SHAM-operated animals receiving red propolis (RP)
ad no alteration in these parameters in relation to control group, red
ropolis attenuated the functional alterations induced by I/R injury.
nimals in the IR-RP group had lower serum Cr and urea when com-
ared with IR group. Also, there was attenuation in CrCl reduction
0.41 ± 0.14 vs. 0.07 ± 0.04 ml/min/100 g in the RP-IR and IR groups,
espectively, P < 0.05). This improvement also was seen in the frac-
ional excretion of Na+ (0.58 ± 0.30 vs. 1.03 ± 0.39, P < 0.05). Data
re shown in Table 1.
ffects of red propolis on histologic injury
Light microscopy studies showed tubular necrosis, tubular dila-
ion, inﬂammatory cell inﬁltration and cellular edema in the tubular= 6/group. Representative image of Western blot analysis of eNOS and actin in renal
s.
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Fig. 7. Heme oxygenase-1 upregulation by red propolis. Values shown are mean ± SE. Eight rats for each group. ∗P = 0.005 vs. Sham, #P < 0.001 vs. IRG.
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onterstitium of the renal cortex and outer medulla from animals that
ere killed 48 h after renal ischemia. These lesions were less intense
n rats that were treated with red propolis when compared with un-
reated animals. Tubular necrosis scores can be seen in Fig. 2.
ed propolis reduces I/R-induced oxidative stress
As shown in Fig. 3, kidney tissue malondialdehyde (MDA) levels
ere found to be signiﬁcantly higher in the IR group when compared
ith the Sham group (133.9 ± 23.36 vs. 68.10 ± 3.71, P < 0.05). After
ed propolis treatment, therewas a signiﬁcant decrease inMDA levels
fter I/R injury (90.22± 20.82, P< 0.05). The same results were found
n urine samples, as MDA levels in the urine of animals from the IR
roup were signiﬁcantly higher than in the urine of animals from
ham group (271.4 ± 145.6 vs. 81.37 ± 10.67, P < 005). MDA levels
n the urine of the animals who received red propolis treatment were
igniﬁcantly lower after I/R injury (161.4 ± 81.01, P < 0.05).
However, the values of glutathione (GSH)were signiﬁcantly lower
hen compared with those of the control group (1267 ± 229.5 vs.
659± 107.9, P> 0.05), whereas the values of GSHwere signiﬁcantly
mproved by the red propolis treatment (1784 ± 297.4 vs. 1267 ±
29.5, P < 0.05) as shown in Fig. 4.
ed propolis restores the I/R-induced downregulation of eNOS
At 48 h after the surgical procedures, the IR group rats showed
arkedly lower eNOS protein expression when compared with theontrol rats at the semi-quantitative analysis of the area on immuno-
istochemistry (0.6 ± 0.5 vs. 1.8 ± 0.4, P = 0.003). It is noteworthy
hat red propolis administration attenuated the down regulation of
NOS expression (IRRPG: 2.2 ± 0.4; IR: 0.6 ± 0.5, P < 0.001), as can
e seen in Fig. 5. All these results were conﬁrmed by western-blot
nalysis (Fig. 6).
eme oxygenase-1 upregulation by red propolis
Heme oxygenase-1 immunostaining was weakly present in
ubules of both SHAM and RP groups (Fig. 7). Stronger positive stain-
ng of HO-1 was observed in the IR group (IR: 1.4 ± 0.5 vs. SHAM:
.6 ± 0.54, P = 0.005). Heme oxygenase-1 immunostaining in the IR-
P group was signiﬁcantly increased when compared with IR group
2.6 ± 0.5 vs. 1.4 ± 0.5, P < 0.001). There was no difference in HO-1
etween animals that received red propolis, but were not exposed to
enal ischemia. Although the western-blot analysis disclosed similar
O-1 expression in SHAM and IRG groups, it conﬁrmed the increased
xpression in the IRRPG group (see Fig. 8).
iscussion
In the present study, previous treatment with an alcoholic extract
f red propolis was protective against renal I/R injury. Also, we have
emonstrated that this protection was associated with a reduction in
xidative stress and up regulation of eNOS and heme-oxygenase.
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Fig. 8. Heme-oxygenase expression represented graphically after actin housekeeping normalization; n = 6/group. Representative image ofWestern blot analysis of HO-1 and actin
in renal tissue according each group. ∗P < 0.001 vs. other groups.
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iAcute kidney injury is a multifaceted entity that evolves through
different stages, culminating in organ failure. Its pathogenesis is com-
plex and involves apoptosis, endothelial damage, ROS and inﬂamma-
tion (Basile et al. 2012). Moreover, in the past decade it has become
increasingly clear that the cytoprotective response prompted by an
injury is crucial for determining the ﬁnal functional outcome of an in-
jured organ (Bonventre 2007). In this study, we focused on determin-
ing the protective mechanisms provided by red propolis treatment in
a model of renal injury, mainly through anti-oxidant system, eNOS
and HO-1.
Propolis is a complex honeybee product with a resinous aspect,
containing plant exudates and beeswax. In a previous study, red
propolis was characterized as being especially rich in isoﬂavonoids
(Silva et al. 2008). Several studies have demonstrated the anti-
oxidative and anti-inﬂammatory activity of isoﬂavonoids (Kupeli
et al. 2006; Bhandary et al. 2012), but their effects on renal I/R in-
jury was never studied. In our study, animals were treated on the day
before the procedure with a ﬁxed dose of red propolis extract, re-
sulting in a signiﬁcant attenuation of GFR drop. Although creatinine
is limited as a marker of GFR, the protective effect of red propolis
was conﬁrmed by a reduced FENa in IR-RP group, a marker of func-
tional tubular viability and by lower tubular necrosis index in the
histopathological analysis.
MDA and GSH were measured in renal tissue to assess oxidative
stress. Reactive oxygen species can result in further renal damage
by inducing apoptosis, inﬂammation and mitochondrial cell damage
(Zou et al. 2013; Ye et al. 2010). Reduced oxidative stress induced
by renal I/R in animals receiving red propolis was associated with an
increase in eNOS expression. Earlier studies demonstrated that thexidative stress status that is enhanced during I/R is increased in NO
eﬁciency (Küçük et al. 2012; Tajes et al. 2013). It is possible that
educed oxidative stress is at least partially mediated by increased
NOS expression.
While inducible NOS (iNOS) is fundamentally involved in the pro-
ess of kidney damage, inducing inﬂammation and apoptosis, and the
nhibition of its activity (or the absence of iNOS itself in KO-mice)
mproves renal I/R damage in vivo, the other NOS isoform, eNOS, has
rotective effects on I/R injury (de Souza et al. 2012; Kato et al. 2009).
The effects of isoﬂavones have been demonstrated on endothe-
ial production of NO. It is capable of increasing the expression of
NOS in endothelial cell culture and in the myocardium (Maulik
t al. 2012; Joy et al. 2006). In the present animals, I/R injury induced a
own-regulation of eNOS expression after 48 h. This down-regulation
as completely prevented by previous administration of red propo-
is. In the kidney, this effect of isoﬂavones on eNOS has shown to
e effective against diabetic nephropathy, fructose and lead-induced
ephrotoxicity, but no studyhadevaluated I/R injury (Arya et al. 2011;
alanisamy and Venkataraman 2013; Liu et al. 2012).
In recent years, investigators have been able to show that the
xpression of HO-1 is enhanced in conditions associated with
xidative stress and that the end products of heme degradation,
ncluding biliverdin, bilirubin, and carbon monoxide, provide protec-
ion against renal IRI through their antioxidant, anti-inﬂammatory
nd cytoprotective activities (Correa-Costa et al. 2012). Many
xperimental investigations have demonstrated that HO-1 induction
lays an important role in the protection against renal I/R injury
Ferenbach et al. 2010). Astaxanthin, the most abundant isoﬂavone
n propolis, induce HO-1 expression through ERK MAPK cascade
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ZWang et al. 2010). We investigated whether HO-1 participates
n renal protection induced by red propolis. Similarly to others
tudies, I/R injury itself stimulated HO-1 expression (Ferenbach et al.
010) and previous treatment with red propolis increased the renal
apacity to increase I/R injury-induced HO-1. In addition to reducing
xidative stress, HO-1 can protect against I/R injury by generating
O gas as a byproduct of the breakdown of heme. Several studies
ave demonstrated the protective role of CO itself in limiting renal
amage in ischemia-induced acute kidney injury (Hou et al. 2013).
Our study has several limitations that must be explored in future
tudies. First, although the main protective component of propolis is
soﬂavones, future studieswith isolated fractions of RP arewarranted.
econd, other studies must be performed to investigate mechanistic
athways regarding red propolis protection in renal injury, mainly
ocusing on inﬂammatory pathway.
In conclusion, this study provides strong evidence of the beneﬁ-
ial effects of red propolis on renal I/R injury, which were evaluated
or the ﬁrst time. Red propolis, given at a dose of 150 mg/kg (gas-
ric gavage) before the ischemic and reperfusion period, improved
idney damage. The beneﬁcial changes in biochemical parameters,
ncluding antioxidant status, were also associated with parallel bene-
cial changes in the histopathological appearance of renal tissue and
mmunohistochemical evidence.
In summary, our results strongly suggest potential clinical beneﬁts
f red propolis use to protect kidneys against acute ischemic renal
ailure and this protection is associated with reduced oxidative stress
nd eNOS and heme-oxygenase up regulation.
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